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The understanding of historical ambient asbestos concentrations is critical to exposure mapping
and retrospective health impact studies involving asbestos related diseases. Two presentations
at the University of Montana Center for Environmental Health Sciences Asbestos Conference
(July 28, 2005) introduced novel methods for detecting evidence of past airborne asbestos con-
tamination. In each of these studies, transmission electron microscopy was used to identify and
measure asbestos fibers collected in samples from unconventional environmental sources. In
the first study, paleolimnology, analytical transmission electron microscopy, particle-separation
techniques, and empirical aerosol-sediment modeling were combined to provide the first mea-
surements of airborne asbestos concentrations prior to the 1980s. In an upstate New York
study area, airborne concentrations of chrysotile followed its 20th-century usage, with highest
concentrations near mid-century (~0.1 fibers/cm?3), followed by a decrease in the last quarter
century. Airborne concentrations of anthophyllite asbestos (a contaminant from nearby talc
mines and mills) increased from <0.004 to 0.022 fibers/cm> from 1847 to 1995. In the second
study, tree bark and core samples were collected from areas near the asbestos-contaminated ver-
miculite mine in Libby, MT. We originally hypothesized that trees in the areas surrounding the
mine could serve as reservoirs for ambient amphibole fibers. Though gravimetric reduction of
a tree core sample did not indicate the presence of amphibole fibers, transmission electron mi-
croscopy analysis of bark samples yielded substantial amphibole fiber concentrations ranging
from 14 to 260 million amphibole fibers/cm?. Based on these preliminary results, we conclude
that trees in the Libby valley can serve as reservoirs for amphibole fibers, and that a continued
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potential for exposure exists for those who harvest contaminated wood.

The extended latency period, usually measured in decades,
from asbestos exposure to disease manifestation makes it diffi-
cult to reconstruct airborne concentrations (doses) that caused
the disease. This problem is exacerbated manyfold by the fact
that many asbestos diseases observed recently were caused by
exposures before ~1970, when the hazard of inhaled asbestos
was officially recognized and regulations and safeguards were
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implemented to minimize exposure. Analytical transmission
electron microscopy, the only method capable of detecting and
identifying the thin, respirable asbestos fibers, was not avail-
able until about ~1975. From sediment samples collected in
New York state, we developed a multidisciplinary investigation
that for the first time reconstructed pre-1970s airborne asbestos
concentrations.

Talc mining in the Gouverneur, NY, region began in the
late 19th century, with most mines in the Fowler—Talcville area
(Figure 1). Annual talc production exceeded 100 000 tons before
the middle of the 20th century (Hartnagle & Broughton, 1951),
with 6 active mines (2 near Talcville and 4 near Balmat) and 5
mills in operation at the time of World War II (U.S. Department
of the Interior, 1946). By 1998, however, all talc mining and
milling was restricted to an area between Fowler and Balmat.
During operation, the talc mining and milling operations created
visible clouds of mineral dust.

Despite the beneficial uses of vermiculite, ore taken from the
Libby (Montana) Vermiculite Mine was contaminated with a
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FIG. 1. Map of study area in northern New York State. Talc mines denoted by “T.”

toxic form of naturally occurring fibrous and asbestiform am-
phiboles that occurred in veins throughout the deposit (Pardee
& Larsen, 1929). Asbestos fibers have extremely thin diame-
ters that allow them to remain airborne following liberation for
hours or even days before settling into surrounding areas. Since
asbestos fibers are durable silicates and do not decompose in the
environment, the airborne asbestos fibers released and dispersed
from the Libby mine and processing areas throughout 70 years
of operation have likely deposited throughout the surrounding
areas. Preliminary tree bark and core samples were collected
near the Libby mine to evaluate the potential for trees as reser-
voirs for amphibole fibers, and to evaluate the current exposures
during commercial logging and firewood harvesting processes
in proximity to the Libby mine.

Two studies presented at the University of Montana Center
for Environmental Health Sciences Asbestos Conference on July
28,2005, described new ways of assessing historical ambient as-
bestos concentrations. Using transmission electron microscopy
(TEM), these novel techniques for determining historical ambi-
ent asbestos concentrations/contamination can be used to help
assess environmental exposures to asbestos. The types of re-
search described in this article are critical to developing public
health impact studies in asbestos-exposed communities.

METHODS FOR LAKE SEDIMENTS STUDY

Complete descriptions of the New York study were published
earlier (Webber, 1999; Webber et al., 2004). Briefly, sediment
cores from lakes downwind (Sixberry Lake) and upwind (Clear
Lake) of a talc mining and milling area in upstate New York
(Figure 1) were sliced and resultant sections were dated us-
ing 219Pb and '¥’Cs. Obstructing matrix in sections selected for
TEM analysis was reduced through ashing, alkaline dissolution,
and elutriation. Asbestos fibers were identified and measured
by TEM using electron diffraction and energy-dispersive x-ray
analysis. Collection efficiency of sediments, that is, the volume
of atmosphere required to produce one gram of lake sediment,

was determined empirically by comparing sediment concentra-
tions of PMy particles and Pb to those measured concurrently
in the air.

A similar pilot study was initiated near Libby, MT. Here,
sediment cores were collected in 2002 from a marsh located
approximately 5 km northeast of Vermiculite Mountain, the pri-
mary source of Libby’s asbestos-contaminated vermiculite.

METHODS FOR TREE BARK STUDY

A more complete discussion of the bark sampling and ana-
Iytical program is presented elsewhere (Ward et al., in press).
Briefly, tree (bark and core) samples were collected around
the former W. R. Grace vermiculite mine and former pro-
cessing structures in support of a proposed firewood harvest-
ing/commercial logging exposure study. Samples were collected
from three separate, heavily forested locations to simulate
a probable amphibole fiber concentration gradient emanating
from the mine. The first sampling site (location 1, anticipated
high-concentration site) was approximately 100 yd from the for-
mer pump house site at the mine. The second site (location 2,
anticipated mid-concentration site) was immediately outside of
the mine property, approximately 4 miles from the bottom of
Rainy Creek Road. The final site (location 3, (expected low-
concentration site) was approximately 20 yd from the decon-
tamination trailer and access gate for Rainy Creek Road, out-
side of the U.S. Environmental Protection Area (EPA)-restricted
area. A bark sample was also collected in Albany, NY, to serve
as a control (location 4, no anticipated Libby amphibole fibers)
sample.

At all sampling locations, bark was collected from repre-
sentative coniferous tree types, including ponderosa pine (Pi-
nus ponderosa), lodgepole pine (Pinus contorta), Douglas fir
(Pseudotsuga menziesii), and larch (Larix occidentalis). Dur-
ing the bark sampling, a “chunk” (~200 g) of bark was col-
lected approximately 4 f from the base of the tree. Tree core
(12-15 inch) samples were collected at approximately 4 f
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from the base of the tree using a hand-driven incremental
borer.

Samples were sent to the Wadsworth Center, New York State
Department of Health in Albany, for analysis. At the Wadsworth
Center, samples (or subsamples) of approximately 1 g were
weighed, dried to stable mass at 60 to 100°C, ashed at 450°C,
and then weighed to determine percentage loss of organic ma-
terial. Residues from tree core samples were consistently less
than 0.5% of the original mass, so additional preparation and
analytical steps were not taken. Bark samples, typically with
5% post-ash residue, had ~1-g subsamples placed into a muf-
fle furnace for 12 to 16 h. Residue was suspended in filtered
deionized water and filtered through 0.1-um polycarbonate fil-
ters. Samples were then prepared for TEM analysis using carbon
coating and ethylenediamine dissolution onto TEM grids. TEM
analysis was performed at a screen magnification of at least
15, 000x on a Hitachi 7100 STEM interfaced to a PGT IMIX
image analyzer/x-ray detector. Identification and measurement
of fibers were conducted according to AHERA protocol (U.S.
EPA, 1987), with fibers identified by energy-dispersive x-ray
analysis (EDX) and selected-area electron diffraction (SAED).

Intact bark samples were also examined by scanning electron
microscopy (SEM) using a Leo 1550vp FEGSEM interfaced to
a PGT Omega x-ray detector. Surfaces were coated with gold
to promote conductivity and minimize charging. Stereo pairs
of SEM micrographs were presented that emphasized the sur-
face, rather than depth, deposition of the fibers. Many amphibole
fibers literally bristled from the soil matrix in which they were
embedded in the cracks of the bark. Figure 2 depicts such a
configuration.

RESULTS FOR LAKE SEDIMENTS STUDY

Sediment cores from both control and study lakes in upstate
New York yielded sediments from the middle of the 19th century
to the late 20th century. Collection efficiencies determined for
both lakes were similar, with ~2600 cubic meters of atmosphere
depositing 1 g aerosol to lake sediment. Reconstructed airborne
concentrations of chrysotile, the asbestos type accounting for
about 95% of U.S. consumption, followed its temporal use in
North America. Concentrations were nonexistent in the 19th
century but increased dramatically toward the middle of the 20th
century to >0.1 fiber/cm? and dropped off as its use was increas-
ingly banned in the latter quarter of the 20th century (Figure 3).
Airborne concentrations (0.02 fibers/cm®) reconstructed from
~1979 sediments closely matched the earliest ambient concen-
trations measured by TEM at that time (Chatfield, 1983).

Anthophyllite asbestos, a contaminant of the fibrous talc
mined in the study area, followed talc’s local production.
Airborne concentrations derived from the study lake began to
increase as mining activities commenced in the late 19th cen-
tury. Maximum concentrations (~0.02 fiber/cm®) were recon-
structed from ~1966, after which emission controls were in-
stalled at the mines and mills. These airborne anthophyllite as-
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FIG. 2. Scanning electron micrographs of amphibole fibers on
bark from tree near Libby, MT. Surface at nominal 2000x
magnification.

bestos concentrations correlated well (r> = .80, p < .001) with
annual production of local talc, and were much higher (p =
.004) than concurrent concentrations from the control lake lo-
cated upwind of the mines and mills.

For the pilot study at Libby, the pond-sediment core was pro-
cessed and analyzed as in the earlier talc study. The geochronol-
ogy of the core, as determined by isotope dating, was somewhat
mixed. This was expected, as animals ranging in size from in-
sects to moose may cause vertical mixing of the shallow water
“mud.” Although isotope dating was not as clear-cut as for the
New York lakes, decade-long intervals were fairly distinguish-
able. A sediment slice from approximately 1980 was prepared
by ashing, diatom dissolution, and elutriation for analysis by an-
alytical electron microscopy. Winchite, richterite, and tremolite
fibers were identified and counted to yield a concentration of
2.4 x 108 fibers per gram dried sediment. Applying the collec-
tion efficiency of 3 x 10° cm? of air per gram of sediment from
the New York study revealed an airborne concentration of ~0.01
fibers/cm?. Concentrations closer to the mining operations and
processing facilities in the mid-20th century would be expected
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TABLE 1
Sample location and results
Amphibole Analytical
fibers/g sensitivity” Amphibole
Sample point Location, description Type of tree bark (fibers/g) fibers/cm?
Location 1, Approx. 100 yd from the former pump house Lodgepole pine 530 million 28 million 100 million
sample 1A¢ site at the W. R. Grace vermiculite mine.
Location 1, Approx. 100 yd from the former pump house Lodgepole pine 330 million 21 million 260 million
sample 1B site at the W. R. Grace vermiculite mine.
Location 1, Approx. 100 yd from the former pump house Larch 140 million 10 million 40 million
sample 1D¢ site at the W. R. Grace vermiculite mine.
Location 2¢ 4 mile mark (from bottom of Raney Creek Rd).  Lodgepole pine 160 million 23 million 110 million
Immediately outside of the mine property.
Location 3, Approx. 20 yd from the decontamination trailer =~ Ponderosa pine 41 million 4.1 million 14 million
sample 3B and access gate for Raney Creek Rd (outside
of the restricted area).
Location 3, Approx. 20 yd from the decontamination trailer =~ Lodgepole pine 95 million 10 million 54 million
sample 3C and access gate for Raney Creek Rd (outside
of the restricted area).
Location 4 Albany, NY (control) Pine None detected 19 million None detected
Note. These data, along with additional data, are found in another manuscript (Ward et al., in press).
“Location 1 and 2 samples were collected within the EPA restricted area surrounding the mine site.
®Based on one fiber detected.
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FIG. 3. Reconstructed airborne chrysotile asbestos concentrations for Sixberry Lake.
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to be much higher. Additional sections are being processed to
determine relative temporal concentrations.

RESULTS FOR TREE BARK STUDY

Bark samples collected at the mine site and directly outside of
the U.S. EPA-restricted area surrounding the mine site revealed
asbestos concentrations between 41 and 530 million fibers/gram
(see Table 1). One inconsistency of the bark ashing protocol sur-
faced when a second preparation and analysis of one of the bark
samples yielded significantly different results. Reconstruction
of the preparation revealed that the second subsample was much
thicker, with less exposed surface area per gram than the first
subsample. This inclusion of unexposed bark effectively diluted
the concentration of asbestos fibers on a mass basis. To standard-
ize measurement units on a deposition-related basis (assuming
deposition only on the outside of the bark), future preparation
and analysis of bark samples should be based on bark’s ex-
posed surface area (the gray, wrinkled outer part). To approxi-
mate this areal concentration, we determined that the exposed
surface areas of the bark subsamples we prepared were approx-
imately 2 cm?. We then divided the total number of fibers for
each bark subsample by 2 cm? to produce the areal concentra-
tions, with these results presented in the last column of Table 1.
Tree core samples were not analyzed by TEM. Residues from
tree core samples were consistently less than 0.5% of the orig-
inal mass, so additional preparation and analytical steps were
not taken.

In a follow-up bark sampling program based on the results
from the mine samples, additional samples were collected within
the town of Libby and just west of Libby along the railroad lines.
A more thorough discussion of the preliminary bark results,
including samples collected in the areas surrounding the mine,
within Libby, and outside of Libby along the railroad lines, is
presented elsewhere (Ward et al., in press).

DISCUSSION AND CONCLUSIONS

Both of the research projects presented in this article used
analytical TEM, the only method capable of detecting and iden-
tifying thin, respirable asbestos fibers. The use of TEM in any
exposure assessment is critical in that most toxicity models
have implicated these thin fibers as the most biologically ac-
tive (Stanton et al., 1981). The multidisciplinary New York and
Libby pilot studies have demonstrated the ability of paleolimnol-
ogy to reconstruct historic airborne concentrations. In the New
York study, we showed that airborne asbestos concentrations
were indeed greater in the mid-20th century before regulations
reduced emissions. All of the chrysotile and more than 70% of
the anthophyllite asbestos fibers were too narrow to be detected
by phase-contrast light microscopy (PCM), the method used to
measure airborne fiber concentrations before ~1980. From the
bark samples collected and analyzed in and around the Libby
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mine, we conclude that trees can serve as reservoirs for amphi-
bole fibers. Amphibole fibers likely come in contact with trees
through direct impaction-type processes such as wind blown
dust. These findings point to a potential continued asbestos ex-
posure to those who harvest timber or use firewood from the
contaminated areas in the Libby valley.

These studies should enhance our capability to provide an
accurate assessment of future exposures to asbestos, as well as
enhance exposure mapping for retrospective health impact stud-
ies. Additional paleolimnology studies are needed to reconstruct
airborne asbestos fiber concentrations in areas where exposures
have produced significant asbestos-related disease. This is par-
ticularly important for the Libby area. Such a study could deter-
mine whether the wet mill that began operation in 1974 actually
reduced asbestos emissions to the environment. Furthermore, if
exposure levels changed during the mid-20th century, these ex-
posures could be correlated to the diseases of individuals who
lived near Libby during specific time frames. Future work in
the bark sampling program will assess different types of trees,
ages of trees, and so on, in determining the approximate date of
deposition. Judging from the results of our preliminary samples,
we feel that tree bark can be used in the spatial reconstruction
of ambient fiber deposition in an airshed.
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